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SECTION 1
INTRODUCTION

This report presents the results of work relating to the DNA
intraved field program pertormed under Contract DNA 001-70-C-001. Other

work, performed under the same contract, dealing with rcecommendations for

improving our LWIR prediction capability for a nuclear environment, was
reported separately in Mission Rescarch Corporation report MRC-R-583

(Reference 1-1).

Section 2 describes calculations performed to determine the
spatial distribution of the energy deposition rate produced in the upper j
atmosphere by the injection of 3-keV electron beams incident at various
pitch angles to the carth's magnetic field, and the resultant brightness ;
at 3914 R from excitation of the N: First Negative (0-0} band. Contours
of constant brightness, viewing normal to the c¢lectron beam, arce obtained

and are used in making comparisons with the profile of a video image recorded

trom the ground near White Sands, New Mexico during the PRECEDE Pl cvent.

Scction 3 reports the preliminary results of a comparison made
between calculations of the 3914 A brightness from a 3-kV, 7-A electron
beaw at an altitude of 123 km and reduced photographic data from an image
recorded by a camera on board the EXCEDE:SPECTRAL rocket over Poker Viat,
Alaska.  The signiticant differences between theory and cxperiment are

discussed.

Section 1 is an overall summary of the results and conclusions
in the previous two sections, and presents recommendations for work to

help clarify the apparent anomalous hehavior of electron beams in

EXCEDE experiments.




SECTION 2
PRECEDE/EXCEDE CALCULATIONS

PREL IMINARY

The EXCEDE experiments, in which observations are made of the
optical/infrared (IR) and ionization effects of energy deposition in the
atmosphere by beams of kilovolt electrons, have been carried out by the
Air Force Geophysics Laboratory (AFGL) for DNA in the past few vears. The
ionization levels and deposition rates achieved in these experiments approxi-
mately simulate those of a high-ualtitude nuclear detonation, ailbeit over ua
much more confined volume of space. Calculation of the TR emission from the
dosed regions proceeds in a manner analogous to that for a nuclear detonation,
the calculation in both cases starting from the spatial distribution of prompt
energy deposition. Comparison betwecen the calculated and observed emissions
in these experiments should serve as an important aid in determining the
validity of our calculational techniques for a nuclear environment. The
purpose of the work reportad in this section is twofold. VFirst, to attempt
to verify the first step in such a calculation, namely, the prompt cnergy
deposition surrounding the electron gun.* Sccond, to provide energy deposi-

tion contours as an aid in planning future EXCEDE-tyvpe experiments.

* A portion of this work was supported under Subcon.ract 78-015 from Utah
State Hniversity, under the auspices of AlCGL.
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The basis for the present work is described in Reference 2-1. In
that report, the theory of electron deposition in a magnetic field was
developed and a code for determining the spatial distribution of energy de-
posited about an electron gun in the atmosphere was subsequently constructed.
The theory, embodied in the code, is applicable when the electron mean free
Under these conditions, 2

L’ i
the magnetic field provides the main symmetry and controls the radial dis-

path, A, is at least twice the Larmour radius, R

persion of the deposition which is then independent of altitude. In the
opposite limit, X/RL<< I, the magnetic field is unimportant, deposition
symmetry is about the beam axis, and the radial dispersion is altitude de-

pendent. An altitude plot of A/RL, for selected values of the initial

electron energy, is shown in Figure 2-1. From this figure we see that for a
3 keV beam (which is characteristic of the EXCEDE experiments) the code should

be applicable at altitudes above about 94 km.

In Reference 2-1, sample results are shown for a 3-keV electron

| beam incident, initially, at various pitch angles, 60, to the earth's magnetic

[ field. Included are contour plots of the volume deposition rate in scaled

l units (eV/gm) as functions of the radial distance (meters) from the central
guiding field line and distance (gm/cmz) along the field line from the
electron gun nozzle. In the present work, we have gone beyond these calcu-
lations by (1) extending the spatial region over which the calculations are
performed by approximately a factor of 2 in both along-the-field and normal-

] to-the-field directions, (2) performing the calculations for different
electron pitch angles, and (3) providing contours of brightness (column

deposition rate) normal to the earth's field.

The results of these calculations are presented helow together with

a detailed comparison between a calculated and observed image from the PRECEDE

[T event.
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ENERGY DEPOSITION BY 3-KEV ELECTRON BEAM

The electron beam deposition code has been run to obtuin results
relating to the spatial distribution of c¢nergy about 3-kel beams for parametric
values of the initial electron piteh angle Y The key quantity calculated is
the volume deposition rate, d- 'dt, trom which other usetul quantities can be
Jetermined.  In Reference 2-1, normalized volume deposition rate contours for
4 single 3 - kel celectron were presented tfor pitch angles between 0° and 90°
incremented by 15%0 Those culeulations were repeated for a larger deposition

volume and augmented by additional calenlatrons tor pitch angles 65°, 80°,

37, and 887, Figures 2-2 and 2-3 ~how sample results for YT 0° and 88°,
respectively.  In these tfigures, the ordinate, R, is the distance (meters)
along a4 normal to the initial guiding field line, the abscissa, Z, 1s the
distance tum cJ‘:i alony the initial guiding field line measured from the
2un exit.  Deposition at negative values for I arises from electron
scattering.  The contour values are in units of eV gm-l but they can be

. - -3 -1 . . 18
converted to units of oV om seC by multiplying by 6.25x10 12, where

. . . . . -3
[ 1s the current in amperes and . is the local density in gm ¢em ©.  The
Jdistance, I, parallel to the field can be converted to units of cm by

dividing by

Figures 2-4 through 2-14 show contours of constant brightness
(column deposition rate) viewing normal to the ficld lines for a single
3-kheV electron incident, initially, at selected pitch angles, 90, to the
carth's field. The ordinate, D, is the perpendicular distance (meters) from
the initial guiding field line and the abscissa, Z, is again the distance
(gm cm_:] along the field from the gun exit. To convert to reual spacc,
divide I by p, and to convert the contour values, in units of e\ c¢m gm_l,
to units of eV cm-z socwl, multiply by 6.25 *1018 Io.  The contour values

=]
can be converted to units of kiloravleipghs (kR) of 3914 A emissions as follows:*

[+] -~
kR(3914 A) = 8.9‘*106I(amps)o(gm cm‘jﬁ x Contour Value

. ~ ~ . . i~ .+ R
* This conversion assumes a fluorescence efficiency for the N, First

Negative emission at 3914 R of 4.5x1077. -

-
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Figure 2-15 is a plot of the quantity G(R), where

[oo]

de
_/.EIT Z,R)dz (2-1)

-0

G(R)

is the column deposition rate, for a single electron, parallel to the magnetic
field as a function of distance, R (meters), from the initial guiding field
line. To convert to kiloravleighs (3914 R), multiply the ordinate by

8.9 XI06 I (amps).

Figures 2-16 and 2-17 show the column deposition rate normal to

(and through) the initial guiding field line as a function of distance,

- L]
Z(gm cm 2), along the field. To convert to kilorayleighs (3914 A), multiply
the ordinate by 8.9 ><106 I(amps)p(gm cm-s).

COMPARISON WITH PRECEDE Il IMAGE

To check the reasonableness of the foregoing brightness contours,
we have attempted to compare our calculations with a video camera image
recorded during the PRECEDE II experiment that took place over the White

Sands Missile Range, New Mexico, on 13 December 1977. This experiment,

described in Reference 2-2, was an engineering test of a rocket-borne

electron accelerator module, providing a pulsed 3-kV, 7-A electron beam, and P
of a newly designed liquid—N2 cooled infrared Michelson interferometer.
For orientation purposes, Figure 2-18 shows a plan view of the

White Sands Missile Range including the rocket trajectory and various ground

observation stations for the PRECEDE II event. The electron gun was operated
in a pulse mode with a 6 sec period, 4.3 sec on and 1.7 sec off, on ascent
between about 97 km and apogee at 102.34 km, and down to about 80 km on
descent. The luminosity produced, including prompt air fluorescence and air i
afterglow emissions, was video recorded at the Stallion Optical Site !

(Figure 2~18) with the aid of the Air Force's l4-inch and 31-inch diameter
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Figure 2-15. Column deposition rate, for a single electron, parallel to the
earth's field, for parametric values of the electron's initial

pitch angle.
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earth's field, for parametric values of the electron's
initial pitch angle.
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satellite tracking telescope systems (GEODSS facility). A pictorial sketch
ot the viewing geometry involved and the energy deposition volume aligned
with carth's tield, E, is shown in Figure 2-19. A time scquence of video
images (not shown in this report) for a single pulse period near rocket
apogee shows first, at .04 scc after gun turn-on, a clean image due only to
prompt fluorescence (Reference 2-3). By 0.6 sec the image is broader duc
to the appearance of afterglow emission. This afterglow emission tends to
dominate and mask the prompt tluorescence-emitting deposition volume until

sun shut-oft at 4.3 sec.

The image that we have chosen to represent the luminous prompt
deposition volume is the one recorded .04 sec after beam turn-on when the
electron gun was just past apogee on descent at 102.3-km altitude. At this
time, according to AFGL calculations (Reference 2-3), the gun was firing
down the field (toward the earth) with the beam axis at a pitch angle of
about 63° to the carth's field. However, the beam had a full cone angle of
30° and at .04 sec electrons with pitch angles from 48° to 80° are calculated
to have been present. Based on the AFGL results, we estimate the mean pitch
angle was about 65°.

°

Some calculated characteristics of the 3914-\ emission intensity
for a 7 amp, 3 kel electron bheam at 102.3-RT altitude are shown in Figures
2-20 and 2-21. Figure 2-20 shows the 3914 A brightness, normal to the
magnetic field, as a function of distance* along the central (guiding) ticld
line for electron pitch angles of 60°, 65°, and 80°. The peak brightness in
these cases is 2.5, 1.8, and 2.4 MR, respectively. As scen, the intensity
drops rapidly with distance in cither direction along the ficld from the

pun, falling by an order of magnitude 500 meters down the ticeld.

*  Distances measured upward along the field from the gun are positive:
downward along the field are negative.
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Figure 2-21 shows the calculated off-axis brightness, at 3914 ;
normal to the magnetic field, along a line through the electron gun, for
pitch angles of 65° and 80°. The intensity is seen to drop rapidly in a
direction away from the guiding field line, falling by an order of magnitude

in a radial distance of about 20 meters.

To compare the observed image with our calculations, it has been
necessary to correct it for the foreshortening effect, caused by the fact
that the angle between the line of sight from the observer's station and
the magnetic field was about 25° rather than 90° (see Figure 2-19), and to
thus reconstruct the image as it would appear when viewed normal to the
magnetic field. The middle profile in Figure 2-22 shows the results of our
reconstruction. It has a maximum diameter, normal to the magnetic field,
of about 70 meters, and down- and up-field dimensions of about 0.83 and
0.50 km, respectively. To compare the image with our calculated brightness
contours, we have used Figures 2-4 to 2-14 to construct contours of constant
brightness, in real space units for an altitude of 102.3 km, that have maxi-
mum radial diameters of 70 meters. Two of these contours are shown in
Figure 2-22. The top one, calculated for a pitch angle of 80°, corresponds
to a 3914—; brightness of 78 kR. The bottom one, calculated for a pitch
angle of 65°, corresponds to a brightness of 56 kR.

The most favorable comparison with the observed image in Figure 2-22
occurs for a pitch angle of 65°. Here the ratio of down-field to up-field
lengths is about right. For smaller pitch angles, this ratio is too large,
relative to the observed image; for larger pitch angles, it is too small.

For example, for the 80° case shown in Figure 2-22, the down-field dimension

is more nearly equal to the up-field dimension than what is actually observed.

It is gratifying that the most favorable comparison between theory
and experiment occurs when the pitch angle for the calculated image cor-

responds to the mean pitch angle for the observed image. Better agreement
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SECTION 3
EXCEDE :SPECTRAL CALCULATIONS

PRELIMINARY

The EXCEDE:SPECTRAL pavload was launched from Poker Flat, Alaska

on October 19, 1979 carrying 4 electron gun modules cach capable of delivering

-

an 8-A beam of 3 keV electrons. As described in Reference 3-1, the payvload
contained an array of ultraviolet, visible, and cryogenic infrared spectrom-
cters, photometers, and both film and telcvision cameras. In addition, a
number of remote sites were used to augment the measurcement capability of
the experiment, with instruments that included ground-based film and tele-

vision cameras.

One on-board camera, with fast black-and-white film and a filter
[
cutting off above 4600 A, measured principally emission in N: First Negative
air-fluorescence bands and, sccondarily, some N, Sccond Positive bands. It
is reduced data from this camern that is of primary concern to us in this
section. Some consideration will also be given to preliminary optical data

from one of the ground-based cameras.

This experiment is the first of its nature to provide on board
photographic data suitable for dgtormining radiance contours of prompt
emission, especially near 3914 A, It is, therefore, particularly useful
in checking the applicability of predictive codes that calculate the spatial
dependence of the energy deposition rate surrounding clectron beams in space.
This section describes the results of a comparison between our code calcula-
lations and the reduced photographic data for one particular gun pulsc,

corresponding to an altitude of 123 km on rocket ascent,

35
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Figure 3-1 (tfrom Reference 3-1) shows the relative positions, on
the rocket payload, of the four electron guns and the camera, along with a
plan view of the projection of the camera's ficld of view and the region
into which clectrons from EXCEDE:SPECTRAL gun %1 may deposit encrgy.

Positions of other instruments are indicated by the letters A through F.

lhe guns were pulsed with on and of £ times nominally 1 and 2 sec, respectively,

the clectrons emerging trom cach gun in a cone of semi angle about 157, On
rocket ascent, the axes of the cones were approximately aligned with the
carth's magnetic field with the guns firing up the ficld. For the pulse
corresponding to an altitude of about 123 km on ascent, which we shall be

considering here, only gun #4 was firing. The current was approximately 7 AL
CODE CALCULATIONS AND COMPARISONS WITH PHOTOMETRICS DATA

Our clectron deposition code, described in Reference 2-1, was
moditied to calculiate the energy deposition rate surrounding a 3-keV
clectron beam that emerges from the gun in a cone of half angle 13°, with
axts aligned along the carth's tield.  The electrons are assumed to cmerge
wni formly over the initial pitch-angle range from 0° to 15°,

Figurce 3-2 shows contours of constant energy deposition rate
{eVl gm—l) for a single 3-keV clectron with 0% pitch angle.  The ordinate
is the radial distance (m) from the central guiding ficld line, and the

-
abscissa is the normalized distance (gm ¢m 7) along the field line measured

trom the gun position. As described in Section 2, the contours can be

. - - -3 -1 . . 18
converted to units of eV om s0C by multipiving by 6.25< 107 1, and
the distance along the field can be converted to units of cm by dividing by

the local density, .

Figure 3-3 shows corresponding contours for the casce where the
initial clectron pitch angle ts smeared over a cone, of half angle 157,
aligned with the magnetic ficld., Inspection of Figures 3-2 and 5-35 shows

them to be very similar, except in the region near the electron gun where

36
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Figure 3-1.

TSPECTROMETERS,
R ADIOMETERS

Plan view of the projection of the cameras' field of
view and the region into which electrons from EXCEDE:
SPECTRAL accelerator #4 deposit energy {(as measured
by the cameras) (from Reference 3-1).
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the "J" contour (actually just a peint) is ncarly 5 times Jarger in the o°
case thar it is in the case of the cone where the energy is more smearced out,
Furtherme e, the peak value of the canergy deposition (point "I'") for the «°

~%

case occurs at 2= 0 whereas, for the cone, it occurs at = .
Figure 53-1 (from Reterence 3-1) shows the radiance distribution®
in the image plane of the camera interred by Photometrics from densitometer
analvsis of the photographic tilm for a frame corresponding to an altitude
of 123 km. Lincar distances along the ordinate and abscissia of Figure 3-1
are proportional to distances on the film negative. Distance measured along
the beam trom the gun (#4) nozzle, and also the angle to the magnetic field
{<ce Figure 3-1), are shown along the ordinate.  Distance measured perpen-

divular to the beam for this projection is shown by dashed lines.,  The
hl

. . . . 2 -1 -1 .
radtance contours are in units of ergs om sece ster . Notice the saddle
point (relative minmmum) in the intensity that occurs when the angle to

the magnetic ficld is about 45°. The intensity is scen to increase from thi

v

point as the angle with the field decreases (viewing-region farther along
the beam) and also as the angle increases (viewing-region closer to the am).
°
Figure 3-5 is the calculated 3914 A radiance in the image plane
of the camera corresponding to the case of a parallel beam with 0° initial
pitch angle.  Figure 3-6 is the corresponding representation for a conical
heam of half angle 157, and is the appropriate one to compare with the
photographic data shown in Figure 53-1.  These results are hased on an assumed
[+ -
tluorescence efficiency at 3910 A of 1.5 X% 107"

1.717 % In-“ gm cm_"j, and a beam current of 7 A,

, an atmospheric density of

These radiance values g are for the entire filter band that extends throw
about 3600 A to 1700 A, They are assuged to cyual approximately 1o
times the radiance values due to 3914 A emission alone (Reference 3=,
The actual data, referred to here as the "in-band d:n.g," when redoced
by a factor of 1.5, will be referred to as the "39011 A data,”
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ISTANCE ALONG BEAM METERS

Fiqure 3-4.

"In-band" radiance distribution projected to the onboard
camera when EXCEDE:SPECTRAL is at 123 km and the outboard
electron accelerator (#4 in Figure 3-7) emits 7 amperes.
The original optical density distribution on the film has
been converted to scene brightness after correction for
vignetting and distortion by the camera's lens. Distance
measured along the beam from the accelerater port is
shown on the Tefthand scale, and the distance scale per-
pendicular to the beam for this projection is shown as
dashed lines (from Reference 3-1).
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Figure 3-5. Calculated radiance (3914A) distribution in image plane
of camera {corresponding to Figure 3-4) if electron beam
were initially parallel with 0° pitch angle.
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Comparison of Figures 3-4 and 3-6 reveals a large discrepancy in

both the magnitude and shape of the contours of constant brightness,
especially in the region within about 7 meters of the clectron gun.  The
saddle point, or relative minimum on axis at abhout 4.5 meters tfrom the gun,
that is cvident in the data of Figure 3-4, is entirely missing in Figure 3-5.
Rather, the calculations show a monotonic decreasce in brightness as the
viewing angle to the magnetic field increcases from 1° to 90°, When the

sight path is normal to the magnetic field (onm-axis viewing point = 1.025

meters from pgun #1), the observed in-buand intensity (Figure 3-1) is about
15 crgs em™” see b oster! (or 10 ergs em™” sec” ! ster™! at 3911 &Y. The
caleulated intensity (Figure 3-6), under the same viewing conditions, is
about 0,07 ergs en”” soc stor'l, which is 142 times smaller than the

[+]
3914 A data.

At larger distances from the gun, the discrepancy between the
data and the calculations is less but still significant. For cxample, the
difference between the calculated and observed projected radiance (at 3914 R)
for points at 6, 10, and 25 meters from the gun arc tfactors of about 4,
6, and 10, respectively, whercas the brightest point calculated (correspond-
ing to a viewing angle to the magnetic field of 1°, or to a point 163 m
from the pun) is a factor of only 1.5 less than the brightest down-the-ficld

point shown in the data.

The apparent radial dimension of the bheam, inferred from the data,
is also larger than that inferred from the calculations. For example, at
a point 25 m from the gun, Figure 3-4 shows that the 0.1 "in-hand" brightness
contour is at a radial distance of about 4.5 m. This is to be compared
with a corresponding radial distance of only about 2 m inferred from

Figure 3-0.

Further comparisons between the photographic data and the calcu-

lations arc shown in Figures 3-7 and 3-8, TFigure 3-7 shows the brightness
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projected to the image plance, and also normal to the beam axis, as functions
ot distance from the accelerator.  Both the "in-band" photographic data

(from Reference 3-1) and the calculated 3914 K values are shown., To directly
compare these curves, the calculated brightness should be multiplied by 1.5,
Consistent with Figure 3-4, the photographic data show a rapid decrease in
intensity in the first 4 meters from the accelerator. However, bevond

about 9 or 10 meters from the accelerator, the observed intensity normil

to the beuam remains roughly constant at a value of about 1.15 ergs cm_2
soc-l SYOT—I. In this region the behavior of the data and the theoretical
curves are quite similar, except in magnitude, with the calculated intensity

o
normal to the beam being about a factor of 10 less than the 3911 A data.

Figure 3-8 shows the obscrved and calculated radiance projected
to the onboard camera transverse to the clectron beam’s axis at distances
of 4 m and 6 m from the accelerator. Again, for a direct comparison of
these curves, the calculated values should be multiplied by a factor of 1.5.
When this is done, we find that the calculated brightness through the beam
axis is less than the photographic data by factors of about 8.5 and 8.0

at 4 m and 6 m, respectively, from the gun.

COMPARISON WITH PRELIMINARY TIC DATA

Ground-based photographic vbservations of the EXCEDE:SPECTRAL
event were made by the Technology International Corporation (TIC). Some
preliminary results of their densitometric analysis for three pulse images
have been made available to us (Reference 3-7). These preliminary results

give relative radiance values as a function of distance along the heam,

We have attempted to compare our calculated values of radiance
normal to the beam with the TIC data for the case of a pulse recorded whoen

the payload was at an altitude of 124 km on ascent. The results are shown
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in Figurce 3-9. The photographic data have been arbitrarily normalized to
the calculated intensity at a distance of 3 km along the beam from the
accelerator.  The origin in the abscissa scale is the position of the

clectron gun.

Although the peak relative intensity is not given tor the photo-
araphic data, it is reasonable to conclude from Figure 3-9 that the ground-
based data support a considerable enhancement of the brightness in the
vicinity of the cun, at least qualitatively consistent with the on-hoard
camera observations.  lirmer conclustons can be reached only after absolut

radiance values have been assigned to tne TIC data.

COMMENTS

[t is obvious from the forcooing comparisons that the theoreticallyv-
inferred deposition of energy surrounding the clectron beam does not agree
with the photographic data, at least in the reeion within a fow meters of the
clectron gun where the observed intensity is up to two orders-of-magnitude
greater.  There 15, thus, a very bright region near the gun that the theory,
based on single particle deposition in an ambicnt atmosphere, does not
predict.  As for the beam farther from the gun, it is difficult to unravel
accurately its behavior by analysis of the onboard photographic data (Figure
3-1) beeausce most lines of sight from the camera transversce the close-in
bright region which tends to mask emission from the more remote regions.
Thus, it seems to us that the ftield data presented in Figure 3-7, for
distances greater than nbout 10 meters from the accelerator, may overestimate
the actual radiance normal to the beam axis. However, cven tf this is the

case, it is unlihely that the distortion could account for the full factor

ot 10 difterence between theory and cxperiment.,

— —————
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Figure 3-9. EXCEDE:SPECTRAL radiance (3914A) normal to beam axis at
124 km (ascent); calculation and photographic data
compared.




The theory, upon which our code is based, and which is described
4 in detail in Reference 2-1, gives results that are in good agreement with
laboratory data by Grun (Reference 3-3) and Cohn and Caledonia (Reference
3-4), and with other codes, for example the Lockheed code (Reference 3-5).
Therefore, to the extent that the clectron beam can be treated as a collection
of independent particles depositing energy in the ambient atmosphere, we

feel that our code results are essentially correct. On the other hand,

the photographic data reduction is probably also essentially correct.

The reason for the discrepancy is not known for sure at the
present time.  However, it may well owe its origin to the possibility that
the beam clectrons near the gun are not acting independently nor depositing
their energy primarily in ambient air. Bernstein ot al. (Reference 3-0)

have found that for clectron beam cxperiments conducted in a large vacoum

tank environment (that simulates the pressure and carth's magnetic ficld at i
altitudes between about 110 and 150 km) a beam plasma discharge (BPD) occurs g

when the beam current eoxceeds a certain critical value. After onset of the :

o
BPD, a large increasce in the 3914-A intensity is observed to occur, accom-

panied by a large radial expansion of the beam profile to the point vhere

sy

single particle trajectory features disappear. The conditions required tor

onset of the BPD appear to be fulfilled in the EXCEDE experiments,
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SECTION 4
SUMMARY, CONCLUSIONS, AND RECOMMENDATIONS

This report describes work performed to determine the adequacy of
an electron ecnergyv-deposition code (which is based on single particle
dynamics and is consistent with the theory inherent in nuclear predictive
codes) to account for the magnitude and spatial distribution of energy
deposition surrounding electron beams in space. For this purpose, com-
parisons were made between our code predictions and camera data relating

to the PRECEDE TI and EXCEDE:SPECTRAL experiments.

The PRECEDE TT analysis involved o comparison between the size
and shape of a video camera image of a pulse at an altitude of 102 km,
recorded from the ground, and the calculated protile.  Radiance values from
the field data are not available tor comparison.  The EXNCEDE:SPECTRAL work
involved primarily a detailed comparison between the calculated and observed
radiance (3914 R) distribution, in the image plane of an on-board black and
white camera, for a beam pulse at an altitude of 1235 km.  Sccondarily, it
involved a comparison with preliminary photographic data recorded from the

ground on a similar pulse.

In summary, the conclusions reached are as follows.

(1) The overall size and shape of the PRECEDE Il image 1s reason-
ably consistent with the calculated size and shape based on contours of
constant brightness. This comparison involved the gross dimensions of the
pulse which are approximately 1.3 km along-the-ficld and 70 meters across-

the-field. No high spatial-resolution or intensity comparisons can be made.

e A aamamii.
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(2Y  Tor the BXCEDE:SPECTRAL image, the predicted radiance dis-
tribution is in gross disagreement with the reduced photographic data tron
the on-board camera, at least for the region within a tfew meters of the
clectron gun.,  In this region, the radiance data are as much as 2 orders-of-
magnitude larger than the code prediction.  This conclusion appears to be
qualitatively supported by the preliminary ground-based photographic data,
although a firm conclusion regarding this, and also the beam behavior
farther from the gun, cannot be made until absolute intensitics arc

assigned to these data,

It appears that there is something akin to the beam plasma Jdis-

charge (BPDY phenomenon occurring in the EXCEDE:SPECTRAL experiment that
°

serves to greatly enhance the emission rate of 3911-\ photons and to enlurge
the beam, at least in the vicinity of the electron gun.  Although the
phenomenon is not well understood, it is believed that in oo BPD additional
lonization is produced through a cascade etffect or discharge in which the
plasma clectrons are heated, possibly by cyvelotron waves, to cnergies where
they can ionize the ambient neutral gas to levels greatly exceceding those

produced by the beam itself (Reference 3-0).

The sccondary clectron encrgy spectrum, under BP'D conditions, is

likely to be very different from
under conditions following N-ray
cnvironment.  The implication is

spectral obscrvations of spatial

that

which

eXists

for a normal

heam,

ar

or bheta-partijicle deposition in a nuctear
that certain conclusions drawn from

regions where a BPD is operating may not

he applicable to the nuclear case.  For example, the excitation rate of
Nofv=1), leading to €O, vibraluminesceonce, may be quite differvent, relative

o
to the 3911-A emission rate, under BPD conditions than it is under "normal"

conditions,

Lven though BPD conditions may occur in a region near the electron

sun, it is only rcasonable to suppose that at some distance along the beam,
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sutticirently tar from the gun, the current of clectrons drops to a sub-

crivical value where the BI'D can no longer be maintained.  Thercafter, the
heam <hould behave in o "normal’ manner.  For EXCEDE diagnostic purposes,
as well as tor planning future EXCEDE experiments, it ix very jmportant to

be able to distinguish between these regions,

To help claritfy the applicability of present and future EXCLNL
data for use in upgrading our nuclear (infrared) predictive codes, we miake

the tfollowing recommendations.

(13 uUtilize available data and/or theory to confim the presence

ot the BPD phenomenon in EXCEDE experiments.  For example, from the available

spectral data obtained in the EXCEDE:SPECTRAL experiment, determine the
intensity ratios for sclected lines and bands (including 3911 o\13 amdoond
compare them with corresponding ratios measured (or computed) for the aurora.
Significant differences may be indicative of a BPD phenomenon in the electron

heam.

(2)  If BPD is confirmed, utilize all relevant data, together with
applicable theory as necessary, in an attempt to delineate those spatial
regions where the BPD and "normal’™ conditions apply.

3} In planning tuture EXCEDE experiments, incorporate measurce-

ments from a platform sutficiently removed from the clectron accelerator to
permit an unobstructed view over o considerable length of the clectron
beam. In addition to reasons advanced clsewhere for such o stand-off
platform, the possible prescence of a BP'D in the vicinity of the clectron

gun adds turther impetus to this requirement.
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